1 . 0 Exchange-coupled TE inhomogeneous eigenwaves. -Recently, Morgenthaler [I] pointed out that the penetration depth of long wavelength magnetostatic surface spin waves can be controlled independently of the wavelength by suitably altering the direction and magnitude of the dc magnetizing field. In this paper quantum-mechanical exchange effects, previously neglected, are considered. The analysis of exchange effects carried out by De Wames and Wolfram [2] cannot be used directly because here the saturation magnetization does not in general lie either wholly in o r perpendicular to the plane of the surface. Our starting point is consideration of the eigenwaves in a semi-infinite ferromagnet. Following Auld [3] and Soohoo [4] but allowing complex propagation constants as in Morgenthaler [5], we extend the concept of the Polder susceptibility tensor and include spatial as well as temporal dispersion in its components.
Consider a uniform magnetically saturated ferromagnet and the coordinate system shown in figure 1. The saturation d c magnetization vector M, is assumed t o lie in the x-y plane a t an angle B from the axis. As is well known, the wave equation that results from combining the complex form of Maxwell's equations and the Poldcr susceptibility tensor F, has the form When exchange effects are ignored, 2 is frequency dependent but independent ofspatialcoordinates ;when exchange is included, equation (1) The upper choice in { } is termed (T) because is transverse to k ; the lower choice (L) because M, has a longitudinal component along k. In these expressions, o, = -ypO Ho and co, = -ypo M, where y is the gyromagnetic ratio (negative), H, the internal magnetic field, Ms the saturation magnetization, 1 the exchange constant and 8 the permittivity of the ferromagnet.
When sin 8 # 0, equation (3) is nearly exact provided I k2 -a2 I S 02 ep0 I sin 0 1 and I w I is not too close to I o; I ; when sin 8 = 0, equation (3) is exact, h, = 0 and the wave is precisely TE in character.
Within the magnetostatic limit the inequality is well satisfied ; therefore the right hand side of equation (3) may be set equal to zero. The remainder when combined with Eq. (5) yields a characteristic cubic equation in a2 where the coefficients depend upon o , o,, w, , 8 and lk2. Evidently there are six values of a for each real value of k. All may be real but two or more are generally imaginary or form complex conjugate pairs. Naturally, k may also be complex but in any case a linear combination of the six eigenwaves forms an eigenmode -provided it satisfies the pertinent boundary conditions. 2.0 Boundary conditions. -Because of the exchange coupling, spatial dispersion exists and a new channel of power flow is created. This leads to additional branches of the dispersion (o -y) diagram and the extra wave amplitudes must be determined by additional boundary conditions governing the non e x h power channel. Such conditions have been described and debated by various authors, many of whom are referenced in 121, but at an interface between a ferromagnet and a nonmagnetic medium they generally reduce to the form where n is the coordinate normal to the boundary a n d 7 is a symmetric tensor. 
--
A is a scalar of unspecified value. Of course, in addition, the usual Maxwellian boundary conditions apply.
3.0 Quasi-TE surface eigenmodes. -3 .1 SEMI-INFINITE SLAB. -AS a first example, again consider figure 1 and assume that a ferromagnet and free space extend respectively throughout the half-spaces y > 0 and y < 0. The surface is therefore the x-z plane and the propagation is again taken along either z or y ; however, for the sake of brevity, we here consider only the (7') geometry. Because we are interested in the magnetostatic limit, scalar potentials I) can be defined in each region. Also we tacitly assume no source (or reflection) of waves at I y I -+ co, therefore the six values of a in the ferromagnet reduce to three and the two values in the free space region reduce to one. It follows that for real k where the real part of each ai must be taken positive when ai is real or complex, and as + jki when wholly imaginary.
Continuity of n x h and n. b lead respectively to and -.
The exchange boundary conditions lead to numerically small compared to A,, will contribute importantly to equation (9) and may cause the mode to cc leak )) appreciable exchange power in the + y direction. In that case, k will become complex to signify the power loss and in equations (7) and (9) 
